







Dental caries is one of the most common oral diseases in children affecting 36.7% of children 2 – 8 years old (yo), 21.3% of 6 – 11yo, and 58.2% of 12 – 18yo from 2011 – 2012[1].  Furthermore, poor oral health outcomes among childhood may have lasting effects into adulthood, and thus, reduction of periodontal disease in children is an important issue in public health.  Poor oral health outcomes, such as development of dental caries, are influenced by genetic, environmental, and behavioral factors.   Low birth weight is another factor that has been correlated with poor health outcomes during adulthood.  The possible relationship between low birth weight and dental caries in children is unknown.  In this study, I investigated whether birth weight was correlated with oral health in children using data on 1227 children (aged 0 to 14 years) who participated in the Center for Oral Health Research in Appalachia (COHRA) study.  Oral health was assessed for both primary and permanent teeth and categorized as “healthy” versus “unhealthy”.  Analyses revealed that birth weight significantly differed by sex, mean weight of newborn boys was greater than that of newborn girls, 3.35±0.66 kg and 3.22±0.61 kg, respectively (p=0.0004). As expected, mothers who smoked had children with lower mean birth weight than those whose mothers did not smoke, 3.12±0.59 kg and 3.34±0.64 kg, respectively (p<0.0001). Maternal smoking status was also associated with overall health of primary teeth.  Among children aged 2-5 years, mothers who smoked had proportionally more children categorized as having “unhealthy teeth” versus mothers who did not smoke, 47.9% versus 31.4%, respectively (p= 0.002).  A similar relationship was seen in children aged 6-8 years old:  75.4% of children of mothers who smoked had “unhealthy teeth” versus 58.7% of children of non-smoking mothers (p= 0.002).  Maternal smoking status was not associated with health of permanent teeth in children. Finally, birth weight was not associated with dental caries in primary or permanent dentition in children. 
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In the year 2000, the U.S. Surgeon General labeled dental disease a silent epidemic [2]. The National Health and Nutrition Examination Survey (NHANES) III survey had just been published in 1996 and revealed that dental caries was the most common disease in 5 to 17 year olds, affecting 58.6% of this population[2]. Prevalence of caries increased with age from 51.6% of children aged 5 to 9 having at least one carious region, to 77.9% among 17-year olds, and finally 84.7% among adults 18 and older. 
Oral health disparities are predominantly found in low income Americans. The NHANES III survey showed that compared to individuals above the poverty level, the prevalence of caries was higher in populations living below the poverty level while the likelihood of treatment was lower. A poverty income ratio (PIR) was used to classify individuals as “below poverty” (0-0.999) or “at or above poverty” (1.000 or above)[3]. These ratios were calculated based on family income and size. Children living below poverty are especially at risk. Over 36% of children living in poverty aged 2 - 9 in 1996 had one or more untreated cavities compared to 17.3% of children living above the poverty level[2].  In each of three age groups (2-9 years, 5-17 years, and 18 years and older), individuals categorized as poor in the NHANES III survey were approximately two times as likely to have at least one untreated decayed tooth compared to individuals categorized as non-poor. These trends were seen in age groups ranging from age 2 to over 18yo during the same year and were even more pronounced when adjusted for ethnicity. Membership in specific racial and/or ethnic group was also a risk factor for poor oral health, regardless of income. Non-poor Mexican Americans and non-Hispanic Blacks aged 2 to 9 were only 1% less likely to have untreated decay than poor non-Hispanics whites. This relationship was also seen in children 12 to 17 and adults 18 and older. However, non-poor Mexican Americans 18 or older were ~5% less likely to have an untreated tooth than poor non-Hispanic whites. 
Since the announcement by the Surgeon General in 2000, more attention has been focused on oral health issues in the U.S. and one of the objectives of Healthy People 2010 was to decrease dental caries rates in children aged 2 - 4 years within a 10-year timespan (from 1994 -2004). Instead, the Healthy People 2010 results showed caries rates in this age group increased significantly from 18% during the baseline years of 1988-1994 to 24% during the final timeframe of 1999-2004[4]. This result is not unexpected because only 4 years had transpired since the announcement of the Healthy People 2010 goal and when data were collected in 2004, thus allowing minimal time for interventions to work.  However, the increase in prevalence indicates that the problem is increasing in magnitude and additional interventions are needed.
Twelve years after the surgeon general’s announcement, Senator Bernard Sanders reported that there was still a dental crisis in America. In his 2012 report, Sen. Sanders cited that over 47 million people lived in areas where dental care was difficult to obtain[5]. This statistic is from a 2012 Health Resources and Services Administration report concerting the shortage of health professionals and medically underserved areas in the U.S. One of the obstacles to obtaining dental health care results from the shortage of dental health workers. An uneven distribution of dental health care practitioners has been reported recently in several states. For example, in the Appalachian region in 2017, an average of 4 dentists per 100,000 individuals were located in economically distressed regions compared to the US average of approximately 61 per 100,000. [6] This uneven distribution results in barriers to care for those living in inner cities as well as rural communities. 
Recent studies have sought to find underlying factors that may lead to increased dental caries. Healthcare professionals often recommend lifestyle and behavioral changes to improve oral health outcomes[7]. If these approaches alone eliminated most oral health issues, individuals who practiced good oral health techniques would not have poor outcomes. Unfortunately, such practices do not result in greatly reduced oral health issues, especially in regions of higher poverty, such as Appalachia. As States with the highest edentulism are those in the Mississippi Delta and bordering the Appalachian Mountain region, where there is a history of poverty[8]. The number U.S. citizens who are edentulous has decreased from 18.9% prevalence in 1957 – 1958 to 4.9% in 2009 – 2012[8]. Despite the overall improvements seen in reduction of dental diseases, it remains a silent epidemic. Thus, improvement in oral health is one of the health goals of the upcoming national health survey, Healthy People 2020[4, 9].
2.0 	BACKGROUND
2.1	Description of Oral Health
The oral cavity in children is comprised of 20 primary teeth. Primary teeth are important for transitioning children to solid foods, speech development, and later become the location for permanent teeth. Primary teeth may erupt as early as two months or as late as three years, but usually erupt around six months of age. Primary teeth usually start to be replaced by permanent dentition around age 6 years. From 6 to 13 years of age, children have a mix of primary and permanent dentition. When all permanent teeth are present, a person may have between 28 to 32, if all third molars (wisdom teeth) are present.
Dental decay is defined as demineralization of dental tissue, commonly referred to as enamel[10]. It is a multifactorial disease that can have adverse effects on future developmental and health outcomes. Roughly 500 million microbe colonies are present in the human mouth[2]. These bacteria clump together on teeth and form biofilms, also known as plaque. Biofilms on teeth are responsible for the breakdown of enamel. Bacteria ferment sugars and carbohydrates from food to form acids that slowly dissolve minerals in tooth enamel. This process varies based on the types of food being consumed (e.g. foods high in sugars), the frequency of carbohydrates consumed, and the timing of consumption[2].
The human body has natural mechanisms in place to protect the oral cavity. Saliva composition and flow rate play major roles in protecting oral tissues, including preserving the integrity of teeth[2]. Salivary flow loosens microbes away from teeth and allows for them to be swallowed. It is comprised of antimicrobial molecules that can kill or inhibit the growth of microbes. Saliva acts as a buffer to protect teeth from acids that demineralize tooth enamel, causing dental caries. In fact, phosphate and calcium salts found in saliva can re-mineralize enamel. Calcium and phosphate ions in saliva are essential in enamel maturation which increases the hardness of teeth and make them less susceptible to caries[2]. Saliva also surrounds teeth, creating an insoluble film. The film both limits the passage of acids and encourages the passage of tooth mineral to restrict and reverse caries formation. In healthy adults, saliva rate and composition remain consistent throughout life. 
Caries form at any stage of life when there is not enough time between demineralization and remineralization of enamel, or when saliva production is compromised. The universal widely used measurement of dental caries is based on an assessment of the number of decayed, missing, or filled teeth/surfaces. In primary teeth, assessment of dental caries is based on numbers of  decayed or filled teeth (dft) or surfaces (dfs)[11]. In permanent teeth, tooth health is assessed based on the number of decayed, missing due to decay, or filled teeth (DMFT) or surfaces (DMFS)[10, 12].
2.1.1	Effects of Dental Health on General Health Outcomes
Oral health has large implications for public health. Dental caries and periodontal diseases are the most common oral diseases because individuals may be affected at any age. Furthermore, tooth decay is a leading issue in pediatric health[13]. The focus of health care practitioners subsequently shifted away from treatment to prevention of such infections. The longer caries remains untreated, the harder it is to treat and the more adverse its effects. Short term effects of untreated caries include pain, infection, reduced ability to concentrate and learn, and premature loss of primary molars predisposing to malocclusion – the abnormal alignment of the upper and lower teeth[14]. Long term consequences include the potential to affect a child’s speech, nutrition, and physical development, resulting in decreased height and weight[14]. It can also place children at a higher risk of developing new caries in primary teeth and succeeding permanent teeth, leading to poor oral health and dental disease into adulthood[2, 14].
The craniofacial complex comprises of not only oral, dental, and other tissues, but also houses organs important for hearing, vision, and sight. In extremely rare cases, caries has caused sub-orbital cellulitis (inflammation of eye tissues behind the orbital septum) brain abscesses, and acute otitis media (inflammation of the middle ear)[14].
Decay is largely preventable[7]. Thus, identification of factors that contribute to poor oral health are required. These results may lead to interventions and practices to maintain good oral health in children, such as visiting a dentist at least once per year [2].
2.2	Environmental Factors that Influence Dental Health
In addition to the low numbers of healthcare professionals, additional factors that result in poor oral health are poverty, gender (sex), smoking, poor oral hygiene, water fluoridation, diet, heredity, bacterial and saliva activity[7, 10, 15–18].  Several of these factors are described in more detail below.
2.2.1	Sex Influences on Dental Caries 
The impact of sex on dental caries has been studied extensively in oral health research. Multiple studies report higher caries rates in women than men, but other studies that refute this claim[10]. Lukacs and Largaespada (2006) created a report of meta-analyses to summarize the effects of sex on dental caries and the etiology of such differences between men and women[10]. Saliva flow rates in women are slower than men[10]. One of the studies of the report by Lukacs and Largaespada found the flow rate of stimulated parotid saliva in women to be 0.45mL/min compare to 0.59mL/min in men (p<0.05)[19]. This variation may be attributed to hormonal differences between men and women. Research in animal models revealed that high estrogen levels were shown to have inverse effects on thyroid activity[10]. Thyroid glands controls saliva flow rates, therefore, low gland activity would result in slow flow rates. Other studies noted that hypothyroidism is positively associated with dental caries, further supporting this hypothesis.
Although women on average have more estrogen than men throughout life, these differences in estrogen levels may not be the sole cause of difference in dental caries rates. Lukacs and Largaespada (2006) noted that Mansbridge (1959) found the rate of dental caries was increased in girls aged 7 - 12, before estrogen levels increase due to puberty[10, 20]. 
2.2.2	Smoking and Childhood Caries
Smoking has long been recognized as a factor associated with increased risk of developing periodontal diseases and oral cancers in both men and women[21]. Indirect exposure to smoking through second hand smoke has also been shown to affect health outcomes of exposed individuals, especially children[22]. According to Shenkin et al., 2004, the prevalence of caries in primary teeth is higher among children of living in middle socioeconomic status (SES) homes in which an adult smokes compared to children with the same SES background but with no smoking or irregular smoking in the household[22].
Maternal smoking behavior during pregnancy is associated with reduced birth weight of their infants. Given the effects of second hand smoking on development of dental caries in children, because tooth development begins in utero, maternal behavior during pregnancy can affect tooth development. Research considering a mother smoking during pregnancy as a risk factor for dental caries in their children is scarce; however, a few studies have been aimed at assessing the possibility of this relationship. Tanaka et.al, studied this relationship in a cross sectional study of 3 year old children (N=2,015) in Japan[23]. They also used environmental tobacco smoke (ETS) as a risk factor to caries. Children with dft scores greater than zero were labeled as having dental caries (N=419, 20.8%). Maternal smoking throughout the entire pregnancy was significantly associated with dental caries with an adjusted prevalence ratio (PR) of 1.43 (95% CI: 1.07-1.91). Significant associations were also seen between children’s caries and in utero exposure to smoke only (adjusted PR = 1.78, 95% CI: 1.16 to 2.75), and ETS exposure in home only (adjusted PR = 1.26, 95% CI:1.04 to 1.53). When observing joint effects of both in utero exposure and ETS exposure at home the PR was = 1.40 (95% CI: 1.08 to 1.81).
2.2.3	Poverty and Region of Country
One of the regions in the U.S. with high levels of dental caries is the Appalachian region. It encompasses the Appalachian Mountains and comprises the entire state of West Virginia and parts of Pennsylvania, Ohio, Kentucky, Virginia, North Carolina, South Carolina, New York, Maryland, Tennessee, Mississippi, Alabama, and Georgia (See Figure 1). Approximately 25 million people live in this region[24]. Known risk factors for poor health outcomes, including rural geographic location, and low income and education level, exist in most areas in Appalachia. The mountainous geography of the region has increased isolation of communities and contributed to historically high levels of poverty[25]. 
In 1980, the poverty rate in the United States was 12.4%, and the poverty rate in the Appalachian region, as a percentage of the US average, was 112.9%[24]. Although this rate dropped in 2000 to 109.9% of the US average, the rates in Pennsylvania and West Virginia increased during this 20 year span from 88.3% in Pennsylvania to 88.7% and from 120.9% in West Virginia to 144.6%[24]. In addition to increased rates of poverty, the individuals in the Appalachian region have more health disparities compared to the US as a whole. For example, on average, the region has fewer healthcare professionals per 100,000 people compared to the entire US (71.7 vs 82.5 professionals, respectively in 2013) [24, 26]. This shortage of health professionals exists in several healthcare fields, including mental health, primary and specialty care, and dental health services.

Source: The Appalachian Regional Commission
Figure 1. Appalachian Region
2.3	Genetics
The reasons why some individuals are more prone to caries than others are not well-understood, but the development of caries likely involves a multifactorial relationship between genetic and environmental factors. Bretz et al. (2003) performed a literature review of studies on genetic contributions to dental caries risk and identified ten different monozygotic and dizygotic twin studies from 1927 – 1993 [27]. The population varied in each study and consisted of children as young as 3 living with their twin to adults as old as 40 years of age who were reared apart from their twin; five studies were done with children aged 3-17 years and sample size ranged from 17 to 130 twin pairs. Caries were assessed based on either DMF, dmf, Arch form, Caries Experience Ratio, or DMFS counts. All five studies reported significant genetic contribution to development of dental caries (P-values ranged from p<0.05 to p<0.0005). The sample sizes of these studies were small and assessment of dental caries was not always clear; [27]. Thus, these conclusions may not apply to the general population.
The Center for Oral Health Research in Appalachia (COHRA) has been widely utilized by researchers to identify genetic variants associated with dental caries in primary and/or permanent dentition in families. COHRA is one of the first studies to focus on genetic and environmental factors in connection primary and permanent dentition in children.
	In 2011, Shaffer et al., performed a genome wide association study (GWAS) in children aged 3 – 12 years from the COHRA study [16]. Although they found no single nucleotide polymorphisms (SNPs) significantly associated with caries formation, regions on eight genes (ACTN2,  MTR,  EDARADD,  MPPED2, LPO, TFIP11, EPHA7 and ZMPSTE2) were suggestive[16]. In collaboration with Shaffer, Wang et al., (2012) also performed a meta analysis of five independent GWAS studies of dental caries in permanent dentition[28]. Similar to the study of childhood dental caries, no association met GWAS levels of significance, but several statistically suggestive loci with biological plausible roles in dental health were found in relation to permanent dentition. The genes containing these loci include: RPS6KA2, PTK2B, RHOU, FZD1, ADMTS3, ISL1 and TLR2.
In a 2012 study by Shaffer et. al. of COHRA adults aged 18 to 75, some patterns of dental decay were found to be due to genetic etiology[12]. Three principal component analyses (PC1, PC5, and PC7) showed strong heritability (h2= 37% -  50%, p-values = 0.043 to 0.009). PC1 represented maxillary teeth and mandibular premolars and molars. PC5 represented second molars vs. mandibular first molars and PC7 represented maxillary premolars and mandibular molars vs. maxillary molars and mandibular premolars. Two factor analysis (FA) patterns were also significant. FAC3 (mandibular canines and premolars) and FAC6 (non-occlusal premolar and molar surfaces, maxillary lateral incisors, and maxillary caries were 65% (p=0.006) and 30% (p=0.027) heritable, respectively. In an additional study of COHRA participants aged 0 to 18 and older, Wang et al., (2010), estimated heritability of caries in primary and permanent dentition to be 55-70% and 35-55%, respectively[18].
Protective effects of genetic variants have also been studied in dental caries. For example, the lactotransferrin (LTF) gene is responsible for producing lactoferrin, a major glycoprotein found in saliva. Composition of lactoferrin may be associated with biofilm development on teeth[29]. This is because lactoferrin low in iron has been shown to kill Streptococcus mutans— a bacteria associated with caries. A study in 12 year old children by Doetzer et al. (2015) found a SNPT in the LTF region associated with increased resistance to dental caries[30]. Individuals without caries experience (DMFT = 0) were compared to individuals with caries experience (DMFT ≥1). Two additional groups consisting of individuals with low caries experience (DMFT ≤ 1) and individuals with high caries experience (DMFT ≥ 2) were also analyzed and labeled as Group 1 and Group 2, respectively. No significant association between individuals without caries experience and those with caries experience were found in LTF SNPs rs6441989, rs2073495, and rs11716497. However, when Groups 1 and 2 were compared, there was a significant difference in the prevalence of caries in individuals with the AA and AG genotypes in SNP rs6441989 compared to the GG genotype (p=0.045). The A allele was protective against caries. The magnitude of the effects of these genetic variants is small; thus, individuals who carry protective alleles against caries may still develop dental caries.
2.4	Birth Weight
As described above, living in poverty is associated with adverse health outcomes. Low socioeconomic status, as well as smoking and drinking during pregnancy, are risk factors for low birth weight[15]. Low birth weight, defined as weighing 2,500 grams or less at birth, also has well-established effects on health[15]. Children born with low birth weight may experience developmental delays, chronic respiratory problems, vision and hearing impairment[31]. They are also at an increased risk for neonatal mortality, decrease intelligence and cognition, and obesity[32].
Birth weight is a result of intrauterine growth and gestational age. Several biological and social factors contribute to below average intrauterine growth during pregnancy. A subset of these factors are described below. Abnormal events that take place during pregnancy play a major role in the resulting fetus’s birth weight. Smoking and alcohol consumption during pregnancy are well-known abnormal events that influence the prenatal stages of child development[33, 34]. Specifically, maternal smoking has been associated with decreased birth weight, as explained in more detail in the following section [32, 35]. 
2.4.1	Alcohol
Alcohol consumption during pregnancy, defined in one study as > 2 units a week, is also associated with a decrease in birth weight[34]. Alcohol has been shown to cross the placenta and reach the fetus at almost the same concentration that is in the mother[34]. For this reason, health care practitioners assume that a safe level of alcohol consumption during pregnancy does not exist. In the U.S., abstinence from drinking is recommended for all expectant mothers[34].
 Fetal alcohol spectrum disorders (FASD) stem from excessive drinking during pregnancy and represent numerous behavioral and cognitive learning disorders.  Excessive drinking during pregnancy may also lead to compromised gestational growth of the fetus[34, 36].  More recent studies on low to moderate alcohol consumption have shown to be inconclusive with respect to safety during pregnancy.[36]
Studies have also been done to assess if alcohol consumption during a particular trimester is more harmful than others.  For example, in 2014 Nykjaer et al., reported in a study of mothers and infants in the U.K. that drinking in the first trimester had the largest effects on birth weight compared to drinking in the other two trimesters.  Although women in the U.K. are discouraged from drinking at all while pregnant, health care practitioners recommend that pregnant women should not consume more than 1-2 units of alcohol a week.[34] The odds of having a low birth weight baby was in women who followed guidelines (drank < 2 units of alcohol per week) was 1.7 (95% CI 0.9 to 3.1) compared to women who abstained from drinking. Also, compared to women who abstained from alcohol, women who did not follow guidelines (drank > 2 units of alcohol per week) during their first trimester were more significantly likely to  have lower birth weight babies OR=2.0 (95% CI 1.2 to 3.4).[34]
2.4.2	Smoking
Prenatal cigarette smoking has adverse effects on the birth weight of the infant [15, 22, 32, 35, 37].  A nationwide study of maternal smoking in Japan recorded a significant difference in the birth weight of both male and female children of non-smoking and smoking mothers.[15]  Male infants of nonsmokers weighed over 100 g more (p<0.001) than male infants of smokers (3096.2g and 2959.8g, respectively).  Similar findings were observed in female infants, as female infants of nonsmokers weighed an average of 3018.2g, whereas female infants of smokers only weighed an average of 2893.7g (p<0.001).
	La Merrill et al. (2011) assessed the effects of maternal smoking on infants who were small for gestational age (SGA) in 34,928 singleton births in New York City between 1995 to 2003[32]. Using 1999 – 2000 US standards, SGA was defined as a child being below the tenth percentile of body weight for the sex and age.  Each had a gestational age of over 37 weeks.  When on compared to nonsmokers, the risk of women who smoked less than half a pack per day was 1.3 (95% CI: 1.0 – 1.6).  The risk of women who smoked between ½ - 1 pack per day and > 1 pack per day was 2.1 and 2.8, respectively (95% CI: 1.6 – 2.8 and 1.6 – 5.2).
2.4.3	Maternal Body Mass Index
In addition, the pre-pregnancy BMI of the mother has been reported to be associated with low birth weight and small for gestational age.  La Merrill et al. (2011) also assessed the effects of pre-pregnancy BMI on SGA infants in the same population of 34,928 singleton births in New York City[32].  Mothers were placed in four groups: underweight (BMI < 18.5), normal (18.5 ≤ BMI < 25), overweight (25 ≤ BMI < 30) and obese (BMI ≥ 30).  The normal group was used as the referent group.  The results show that increased maternal BMI decreased the risk of having a SGA child.  The risk of underweight women having an SGA child was 1.5 (95% CI: 1.3 – 1.7).  An overweight women’s risk was 0.8 (95% CI: 0.7 – 0.8) and an obese woman’s risk was 0.7 (95% CI: 0.6 – 0.8).  
2.5	Dental Caries and Birth Weight
As previously described, several common environmental factors, such as smoking, influence both risk of low birth weight and development of dental caries in children.  Low birth weight has been identified as a possible indicator of increased risk of dental caries[13, 31, 35].  This association may be due defects in enamel formation and maturation resulting from low birth weight[13, 35].
Low birth weight and dental caries are also independently associated with subsequent poor health outcomes such as decreased intelligence, cognition, vision and delays in development[14, 32].  Therefore, several studies have been done to assess a possible relationship between low birth weight and increased risk of dental caries[13, 31, 33, 35, 38].
	In 2001, a systemic review of low birth weight and dental caries risk completed by Burt and Pai found inconclusive results of a possible association [38].  Only 4 of the 198 reports identified in their initial search met all inclusion criteria.  None of the 4 studies detected an association between the two variables, but sample sizes were described as small, and thus power was low.   Other studies have also noted that limited well conducted research was available on the relationship between low birth weight and dental caries[31, 35].  These limitations led to inconsistent associations between dental caries and birth weight in some of the reviewed studies, variables were not well defined and/or hypoplasia was used as the primary outcome instead of dental caries.  In Japan, a similar study was undertaken, with a larger sample size (N=2,055)[39].  This analysis also observed no difference in low birth weight and dental caries risk.  
Rajshekar et al., (2011), reported similar results in an examination of primary dentition caries and birth weight[31].  The study compared 250 full term normal birth weight (FTNBW) children to 250 preterm low birth weight children (PTLBW) children.  Compared to infants born FTNBW, children who were born pre-term and had low birth weight subsequently had more dental caries at ages 1-6 (X2 =4.31, P <0.05).  Also, children in the PTLBW group had slightly, but not significantly higher dmft scores on average than the FTNBW group (1.3 ± 1.8 and 1.1 ± 2.2, respectively) (p=0.30).
A more recent  case-control study published in 2017, found that dental caries in primary dentition was may be with low birth weight and premature birth in 150 children ages 2 – 5 years[13].  In children identified as cases with dmft > 2, there was no statistically significant association with being of low birth weight compared to children with dmft ≤ 2 (p=0.065).   however, the odds of having low birth weight was 2.4 in children with high dmft >2 (95% CI = 0.928 to 6.355).  The authors speculated that low birth weight might be associated with enamel defects that might lead to easier deterioration of the enamel, and subsequently, more caries.
In contrast, Kay et. al. (2010) found a significant association with higher weight at birth and an increased prevalence of caries in 5yo children[40].  After adjusting for gestation, the odds of higher weight at birth per 100g increase was 1.05 (95% CI: 1.01 – 1.08, p=0.008).  Further adjustments for eleven other variables, including gender, the odds increased to 1.08 (95% CI: 1.03 – 1.13, p=0.002).
3.0 	Hypothesis and specific aims
Based on the above literature, I hypothesized that low birth weight might be a predisposing factor for children to develop dental caries in primary and/or permanent teeth. 

Specific Aims
Data on birth weight and dental caries in primary and permanent teeth, as well as a variety of potential covariates, were collected as part of the initial phase of the COHRA study.   To assess whether low birth weight was associated with increased dental caries in primary and/or permanent teeth in children, I performed the following specific aims. 

Aim 1: Characterize the population of children and their mothers for a variety of demographic factors.  
Aim 2: Define healthy and unhealthy teeth traits to be used in subsequent analyses 
Aim 3: Assess effects of several risk factors in birth weight, including child’s sex and mother’s smoking status, alcohol intake, and BMI.
Aim 4: Assess effects of child’s sex and mom’s smoking status, alcohol intake, and BMI on tooth health for
A.	Primary teeth
B.	Permanent teeth 
Aim 5: Assess a possible relationship between birth weight and the prevalence in dental caries in children for
A.	Primary teeth 
B.	Permanent teeth
4.0 	Population and statistical Methods
4.1	Center for Oral Health Research in Appalachia
In 2000, the University of Pittsburgh Center for Oral Health Research in Appalachia (COHRA) was founded in partnership with West Virginia University[41]. The initial research undertaken by the center focused on nuclear families in the northern Appalachian region.  All of West Virginia and the majority of Pennsylvania lie in this area.  This region was selected for study in part due to its high poverty rates and chronic poor oral health compared to the entire US population.
The goal of COHRA was to identify genetic, microbial, individual, family, and community factors present in this region that may contribute to poor oral health status[41].  Most previous studies of poor oral health have primarily focused on behavior as the root cause of poor oral hygiene[7].  An individual’s behavior in terms of oral hygiene habits are influenced by family, social and community factors, and economic measures.  COHRA hypothesized that risk factors encountered during childhood expand across the lifespan to also affect poor oral health[41].  COHRA was one of the first research projects to study oral health comprehensively[41].
4.1.1	Eligibility for COHRA
Recruitment for COHRA began in 2000 and was open to individuals living in central West Virginia or southwestern Pennsylvania.  Two sites in central West Virginia and two sites in western Pennsylvania were used to recruit participants.  Eligible families were required to have at least one parent-child pair living in the same household.  The child had to be the biological child of the parent and between the ages of 1–18.  Pairs had to have permanent residence in the area around the recruitment site.  If those requirements were met, the entire household of the parent-child pair was asked to participate in the study.  This study includes 1,531 parent-child pairs along with other relatives or non-relatives living in the household This study has IRB approval from the University of Pittsburgh and West Virginia University.
4.2	Distrstibution of primary and permanent teeth among children in cohra
Prior to defining “healthy teeth,” I calculated descriptive statistics to characterize the population of children.  Overall, data were available on 1,531 mother-child pairs during their first visit.  Data regarding dental health was available on all children.  Because the focus of this study was on the possible relationship between dental caries and birth weight, mother-child pairs were excluded from the study if the child was missing data on birth weight.  A total of 260 (17%) pairs of individuals were removed, and 1,271 mother-child pairs remained.
First, I assessed the number of children with primary and permanent teeth.  All children had tooth information recorded, including if teeth were present, missing due to decay, or had not yet erupted.  Children whose teeth had not erupted at the time of exam were excluded because tooth health could not be assessed.  A total of 44 (3.5%) children had neither primary nor permanent teeth present (Table 1).  The total number of remaining children was 1,227).   Of these 1227 children, 625 (50.9%) were male and 602 (49.5%) were female.

Table 1. Number of children in the COHRA study with primary teeth, permanent teeth, both, or neither.












Group 1: 2—5 years
Group 2: 6—8 years
Group 3: 9—11 years




Table 2 shows the number of children within each age group by the number of primary teeth they possessed.  For example, 28 children aged 0-1 years (Group 0) possessed eight primary teeth.  Two children in Group 2 (age 6-8 years) had no primary teeth present.  Because these children were close to the age criteria for Group 3 (8.96 years and 8.97 years), they were added to Group 3 for further analysis.  As can be seen, children in Age Group 1 (2-5yo) had most of their primary teeth:  no children had fewer than 11 primary teeth, and most children had 16-20 primary teeth.  For this reason, Group 1 is a good representation of tooth health in primary teeth.  As expected, most children in Age Group 4 (12-14yo) had no primary teeth, and all children had ≤11 primary teeth.
Table 2. Number of children in each of five age groups by the total number of primary teeth present

























Table 3 shows the total number of children within each age group category by the total number of permanent teeth present (ranging from 0 to 20).   As expected, the number of children with a larger number of permanent teeth increases by age group.   No children in Age Group 3 (9-11yo) had fewer than 9 permanent teeth, and no children in Age Group 4 (12-14yo) had fewer than 13 permanent teeth.  Given the composition of primary and permanent teeth in Group 4, it is a good representation of permanent teeth in children.  
Table 3. Number of children in each of five age groups by the total number of primary teeth present

































4.3	Definition of Healthy and Unhealthy
The presence of dental caries was assessed via visual examination by a dentist or dental hygienist.  Each tooth surface was scored as sound, pre-cavitated, decayed, filled, missing due to decay, or missing due to reasons other than decay, in accordance with the World Health Organization DMFT/dft scale and in accordance with the NIH/NIDCR-approved protocol for assessing dental caries for research purposes[12].
Teeth health for each child was then calculated.  An “Unhealthy” tooth was defined as a tooth that had any signs of decay.  The count of “Unhealthy” primary teeth surfaces was derived by summing over all surfaces on a primary tooth marked as having a dft score > 0.  Teeth that showed no signs of decay (dft = 0) were labeled as “Healthy.” If all of a child’s teeth were “Healthy”, the child was assigned to the “Healthy teeth” category.  If a child had at least one “Unhealthy” tooth, they were assigned to the “Unhealthy teeth” category.  If no primary teeth were present due to non-eruption, all tooth data were labeled as missing and considered “Not Applicable” (N/A).  As can be seen in Table 4, all age groups contained children categorized as having primary teeth that were “healthy” (that is, no measure of decay for any tooth) or “unhealthy” (that is, at least one tooth surface showing a measure of decay).   




















Given the young ages in Group 0 as compared to previous studies on primary dentition, it was excluded from all further analyses.  All additional analyses contained 1,079 mother-child pairs.  Group 1 and Group 2 were chosen to continue analysis on primary teeth while permanent teeth were studied in Group 3 and Group 4.
4.4	Maternal Covartiates
BMI (kg/m2) for each mother was calculated from the mother’s height and weight taken at Visit 1.  Mean BMI for overall mothers was 30.391 kg/m2, bordering obese (BMI ≥ 30) (Table 6).  During Visit 1, mothers were also asked to complete surveys on their smoking habits and alcohol consumption during pregnancy.  Results from these surveys were used to identify each mother’s smoking and drinking habits three months prior to pregnancy and during the first trimester.  Mothers were classified as “Smokers” if they answered ‘Yes’ to smoking during the first trimester and 3 months prior to pregnancy.  All others, including those with missing or unknown smoking status, were classified as “Non-smokers.” The same process was used to identify mothers who drank alcohol (drinkers).  Mothers who responded ‘Yes’ to consuming alcohol three months prior to pregnancy and/or any time during their first trimester were classified as “Drinkers.” All others who answered no or who had missing or unknown alcohol consumption status during this time were classified as “Non-drinkers”.  As can be seen in Table 6, 25.3% of mothers were smokers, and 2.8% of mothers drank alcohol prior to or during the first 3 months of pregnancy.
Table 6. Characteristics of Mothers
	BMI (mean)	Smoker	Non-Smoker	Alcohol	No-Alcohol
Mother	30.391 ± 8.34	273 (25.30%)	806 (74.70%)	30 (2.78%)	1,049 (97.22%)
4.5	Statistical analysis methods





5.1	Effects of selected covariates on birth weight (Specific Aim 3)
I first assessed the relationship between birth weight and several covariates, including sex of the child, maternal smoking habits, and maternal alcohol habits (Table 7).  At birth, males weighed more than females (3.35 versus 3.22 kg, respectively, p<0.0004).  Birth weight was also significantly lower among children whose mothers were smokers compared to non-smokers (3.13 versus 3.34 kg, respectively, p< 0.0001).  Mean birth weight of children from mothers who drank during pregnancy was lower than the mean of children whose mothers did not drink (3.26 vs 3.29 kg, respectively), but this difference was not significant. 
	Finally, as can be seen in Figure 2, the mother’s BMI was weakly, but significantly, correlated with their child’s birth weight [slope = 0.0063 ±0.0026; r2 =0.007, p=0.017 (Appendix, Table 1)]








Figure 2. Plot of child’s birth weight (in gm) by mother’s BMI
5.2	Effects of maternal characteristics and sex of child on health status of primary teeth (Specific Aim 4a)
Children classified as having healthy versus unhealthy primary teeth did not differ by sex in either the Group 1 (2-5yo) or Group 2 (6-8yo) age groups, p=0.22 and p=0.22, respectively (Table 8).  Maternal smoking status was significantly associated with their child’s healthy teeth status for permanent teeth among 2-5yo or 6-8yo age groups (p=0.002 and p=0.013, respectively).  I did not analyze the relationship between maternal alcohol use during pregnancy and healthy tooth status because the samples sizes were very small.  Mean maternal BMI was not significantly lower for children aged 2-5 years or 6-8 years with unhealthy teeth versus children classified as having healthy teeth (p=0.15 and p=0.35, respectively).
Table 8. Effects of Maternal and Child Covariates on Health of Primary Teeth
	Age Group
	Group 1	Group 2
Characteristics	HealthyCount (%) or Mean±SD	UnhealthyCount (%) or Mean±SD	p-value	HealthyCount (%) or Mean±SD	UnhealthyCount (%) or Mean±SD	p-value
	N=266	N=150		N=105	N=177	
Maternal Smoking status 						
Yes	61 (22.93)	56 (37.33)	0.002	17 (16.19)	52 (29.38)	0.013
No	205(77.07)	94(62.67)		88(83.81)	125(70.62)	
Maternal Alcohol use						
Yes	6 (2.26)	1 (0.67)	not done	5 (4.76)	6 (3.39)	not done




Sex (Male)	127 (47.74)	81 (54.00)	0.220	52 (49.52)	101 (57.06)	0.219
Female	139 (52.26)	69 (46.00)		53 (50.48)	76 (42.94)	
Mean Birth weight (kg)	3.28±0.626	3.28±0.604	0.9902	3.29±0.605	3.30±0.625	0.9384

5.3	Effects of maternal characteristics and sex of child on health status of permanent teeth (Specific Aim 4b)
Children classified as having healthy versus unhealthy permanent teeth did not differ by sex in either the 9-11yo (Group 3) or 12-14yo (Group 4) age groups, p=0.54 and p=0.25, respectively (Table 9).  Maternal smoking status was not significantly associated with their child’s healthy teeth status for permanent teeth among Group 3 or Group 4 (p=0.34 and p=0.69, respectively).  I did not analyze the relationship between maternal alcohol use during pregnancy and healthy tooth status because the samples sizes were very small.  Mean maternal BMI was significantly lower for children aged 9-11 years with unhealthy teeth versus children classified as having healthy teeth (29.6 vs 32.0 kg/m2; p=0.047).  Healthy teeth status among 12-14yo children did not differ by maternal BMI (p=0.51)
Table 9. Effects of Maternal and Child Covariates on Health of Permanent Teeth
	Age Group
	Group 3	Group 4
Variables	HealthyCount (%) or Mean±SD	UnhealthyCount (%)or Mean±SD	p-value	HealthyCount (%) or Mean±SD	UnhealthyCount (%) or Mean±SD	p-value
	N=108	N=122		N=51	N=100	
Maternal Smoking status 						
Yes	25 (23.15)	35 (28.69)	0.340	10 (19.61)	17 (17.00)	0.692
No	83(76.85)	87(71.31)		41(80.39)	83(83.00)	
Maternal Alcohol use						
Yes	5 (4.63)	1 (0.82)	not done	6 (11.76)	0 (0)	not done




Sex (Male)	54 (50.0)	56 (90.90)	0.535	28 (54.90)	45 (45.00)	0.250
Female	54(50.0)	66(54.10)		23(45.10)	55(55.00)	
Mean Birth weight (kg)	3.21±0.634	3.21±0.695	0.9915	3.48±0.654	3.36±0.675	0.3025

5.4	Relationship between birth weight and healthy teeth status in children
As reported in Table 8, mean birth weight was not associated with healthy tooth status in primary teeth for ages 2-5 (p=0.99) or ages 6-8 (p=0.94).  For example, among children aged 2-5 years, mean birth weight of children with unhealthy teeth (3.28±0.63) was identical to that of children with healthy teeth (3.28±0.60).  Among 6-8yo children, mean birth weight did not differ between children with healthy versus unhealthy teeth (3.29±0.61 and 3.30±063, respectively, p=0.94).  Similar results were seen for analyses of permanent teeth (Table 9).  For children in age groups 9-11 and 12-14, birth weight did not differ by tooth health status (p=0.99 and p=0.30, respectively).
6.0 	Discussion
Development of dental caries is one of the most common diseases in children, and it is largely preventable.  As described above, poor oral health practices, behaviors, genetic susceptibility, and other environmental factors to which a child is exposed may have lasting effects on other health outcomes during childhood and adulthood.  Several environmental risk factors associated with increased prevalence of dental caries during childhood include low SES status, limited access to health care (including dental health care), geographic location (rural environment), and smoking.  Low infant birth weight is also associated with poor health outcomes among children and adults and is also associated with low SES status, limited access to health care, maternal smoking and drinking.  I hypothesized that low birth weight was risk factor for dental caries in a sample of 1,079 mother-child pairs from Appalachia.
6.1	Birth weight
As reported by other investigators, mean birth weight among male infants was higher than mean birth weight of female infants (p=0.0004).  Furthermore, the smoking status of mothers during pregnancy was significantly associated with mean birth weight. Children whose mothers smoked during pregnancy had lower mean birth weight than children whose mothers did not smoke during pregnancy (p<0.0001).  These results are similar to those previous studies.[15, 32, 37, 43]
I did not perform analyses of infant birth weight and maternal alcohol consumption because very few mothers reported that they drank alcohol.  The low numbers of mothers drinking alcohol during pregnancy may reflect successful dissemination of information by health care practitioners regarding the risk of alcohol consumption on the infant.  Alternatively, women may not report alcohol consumption because of the stigma attached, or both scenarios may exist.  Based on previous research, I would have been expected to see a negative relationship between these two variables.[36]
Maternal BMI was slightly associated with birth weight (Figure 2).  Previous studies have associated increased prenatal BMI with increased birth weight.  Given that this study utilized maternal BMI post pregnancy, no association would be plausible.  An association may be attributed to the regression was used to assess this relationship and the large number of mother-child pairs assessed.
6.2	Dental Caries in primary and permanent dentition
Prior research studies investigating possible differences between male versus female adults or children regarding risk of developing dental caries have been inconclusive[33].  My results did not reveal a significant difference in the proportion of male versus female children with healthy versus unhealthy teeth for primary or permanent teeth.  Consistent with a few previous studies [10], more female children in ages groups 3  and 4 (9-14yo) were members of the unhealthy tooth category than were males.   This difference, however, was not significant. 
Based on the literature, effects of maternal smoking have been inconclusive with regards to tooth health in children[33].  My results are consistent with a few studies in that maternal smoking during pregnancy had negative effects on primary tooth health in younger children (Groups 1 and 2; Table 8). In contrast, maternal smoking had no effect on permanent tooth health in older children (Groups 3 and 4; Table 9). These results may be associated with primary teeth development occurring at the same time of the exposure to maternal smoking in utero; thus, primary teeth may be more directly affected to smoking than permanent teeth. Given this same reasoning, effects of maternal BMI on teeth would be assumed to be present in age Groups 1 and 2. Instead, Maternal BMI was only significantly associated with dental caries risk in Group 3 (Table 9).
6.3	Dental caries and birth weight
As described previously, children in age Group 1 are more representative of children with primary teeth because the majority of the children in this age group had no permanent teeth (Table 4) and all children in this age group had at least some primary teeth present (Table 1 & Table 2). Children in age Group 4 represent children with permanent teeth. All of the children in this age group had permanent teeth (Table 4) and very few primary teeth are present (Table 3).
In summary, I did not detect an association between birth weight and dental caries in primary or permanent teeth in children. This is result is consistent with the majority of previous research[33, 35, 38, 44].
6.4	Strengths
Previous studies noted small sample sizes and a lack of comprehensive research on associations of birth weight and dental caries as major limitations[38]. A strength of this study is its large sample size. It was also performed in Appalachia, and offers an extensive measurement of oral health, dental caries, and other risk factors. Furthermore, assessments of both primary and permanent dentition could be performed in same sample.
6.5	Limitations
Previous studies used mothers’ pre-pregnancy BMI to compare to their child’s birth weight and health status. This study calculated each mother’s BMI based on the height and weight taken at the time the visit occurred well after the mother was pregnant with the child.
In defining tooth health, I considered any child with dft or DMFT scores greater than one as unhealthy; this classification method was used in previous studies using COHRA data and on other populations[16, 23, 28]. Other studies, however, required a child to have a specific number of unhealthy teeth to classify the child’s tooth health status. If the relationship between birth weight and total number of teeth with caries is continuous or non-linear, my analyses might not have detected the relationship. However, because I observed no relationship between birth weight and healthy tooth status, the effect size is unlikely to be large. 
Mothers self-reported their alcohol intake, smoking status, and height and weight for the time they were pregnant with a child. Because children in the study ranged in age from 0 to 14 years, mothers of older children may not accurately recall their alcohol and smoking habits, nor their height and weight. Mothers also may have under-reported alcohol consumption due to current stigma regarding drinking while pregnant. 
Members of all demographic groups were eligible to participate in the study because COHRA 1 recruited families, and the goal was to recruit a diverse group of eligible individuals.   However, sample sizes of specific demographic cohorts were limited. Because oral health outcomes vary by income, race and ethnicity, this study lacked power to detect differences among groups. The design of both COHRA2 and COHRA Smile attempt to address this issue. COHRA2 is focused on Caucasian women, whereas women participating in COHRA Smile are required to be African American.
6.6	Conclusion
A relationship between dental caries and birth weight was assessed along with several maternal covariates (alcohol consumption, smoking status, and BMI) and the sex of the child. While no association between dental caries and birth weight was found, significant associations were observed in maternal smoking and BMI with dental caries and in the maternal smoking, BMI, and sex of the child with birth weight. Additional research is needed to gain better understanding of these relationships. 
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